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Face perceptionPreviewing distracters improves visual search – the preview beneﬁt (Watson and Humphreys, 1997).
Recent fMRI evidence suggests that the preview beneﬁt rests on active inhibition in brain regions con-
cerned with spatial memory, as well as in content selective areas (Allen et al., 2008). Using familiar
and unfamiliar faces in a preview search task we show that search performance is much better with
familiar than with unfamiliar faces. With both types of stimuli we obtained preview beneﬁts of at least
10%, measured in terms of the advantage in reaction time relative to the no preview condition. The pre-
view beneﬁt increased up to 30% when distracter faces and their locations were previewed, compared to a
beneﬁt in the range of 10–25% for previewing just distracter locations. Analysis in terms of search time
per item showed that familiar faces were processed with more than double the efﬁciency of the unfamil-
iar faces. Further, efﬁciency was enhanced relative to the no preview condition only when distracter loca-
tions and content were previewed, but not when participants previewed just distracter locations. These
ﬁndings corroborate that the preview beneﬁt involves both spatial and content-speciﬁc mechanisms, and
indicate contribution of existing long-term memory representations independent of spatial memory.
 2013 Published by Elsevier Ltd.1. Introduction
Efﬁcient goal directed selection is most important for orienta-
tion in visual scenes. Watson and Humphreys (1997) found evi-
dence that active ignoring applied to locations of known objects
enhances the efﬁciency of selecting new ones. They reported that
searching for feature conjunctions (e.g. ﬁnding a blue H among
green Hs and blue As), which is an attention demanding task, im-
proves remarkably when halve of the distracters are shown prior
to the search display (‘‘preview beneﬁt’’). Previewing distracters
improves visual search only when they are presented for at least
400 ms before the search display, indicating that the underlying
mechanism is not a rapid cueing mechanism redirecting spatial
attention, but a mechanism that involves active distracter stimulus
processing (Watson and Humphreys, 1997). Since the strength of
the preview beneﬁt is attenuated by parallel attention demanding
tasks, the authors proposed that top-down attentional inhibition is
applied to the previewed distracter locations.
The claim that the preview beneﬁt rests on a local inhibition
mechanism is corroborated by evidence showing that luminance
changes are harder to detect at previewed distracter locations than
at non-occupied, neutral positions (Humphreys et al., 2004). Fur-
ther, previewed distracters appear to have reduced contrast (Allen
and Humphreys, 2007a, 2007b). These ﬁndings indicate that sensi-tivity is reduced at the previewed locations. fMRI studies on the
preview beneﬁt consistently show that there is enhanced activity
linked to the preview displays (Allen & Humphreys, 2006; Allen,
Humphreys, & Matthews, 2008; Olivers et al., 2005; Payne & Allen,
2011). A recent fMRI study was able to dissociate two stages of
processing previewed distracters (Payne & Allen, 2011). At the ﬁrst
stage there is enhanced activity in precuneus and primary visual
cortex while previewing distracter texture elements. Afterwards,
during search, precuneus activity is maintained while V1 activity
is reduced when elements are successfully excluded from search.
These ﬁndings let authors propose that there is active ignoring in
early visual cortex, guided by extrastriate top-down control. This
comprises active distracter encoding at the initial stage at preview,
and active inhibition of these items later at search.
The preview beneﬁt so conceived implies that there is more
than just inhibition of locations since there is active distracter
stimulus processing, including distracter stimulus encoding. This
suggests inhibition not only of distracter locations, but also of con-
tent. This is corroborated by observations demonstrating that the
preview beneﬁt interferes with visual working memory, and is
accompanied by activation in brain areas involved in spatial mem-
ory, and in face-speciﬁc areas when face stimuli are used as
distracters (Allen, Humphreys, & Matthews, 2008).
However, evidence for content-speciﬁcity of the preview bene-
ﬁt is generally rare, since most studies focused on the spatial
mechanism and used low level visual features in the search task.
In this context it is worth noting that the classical preview search
task confounds the effects of the ‘what’ and the ‘where’: showing
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preview informs the viewer about distracter locations, but also
about the nature of the distracter stimuli. It is therefore likely that
the visual system uses both kinds of information to enhance search
performance. In order to learn about the speciﬁc contributions of
content it is worth to disentangle both kinds of information at pre-
view by comparing the effects of previewing just locations to the
effects of previewing locations and content. If it could be shown
that previewing locations and content enhances the preview ben-
eﬁt compared to previewing just locations, this would indicate that
both kinds of distracter information, the ‘what’ and the ‘where’,
bolster visual search.
Second, using face stimuli is particularly apt to gauge the inﬂu-
ence of stimulus content, independent of stimulus location. Faces
are known to be processed by domain speciﬁc brain modules ded-
icated to this particular object category (Grill-Spector et al., 2004;
Kanwisher et al., 1997; Kanwisher and Yovel, 2006). Different from
the distal sites processing low level visual features, these extrastri-
ate brain areas operate independent of the retinotopic stimulus
mapping (Kanwisher, McDermott, & Chun, 1997). Therefore, inhi-
bition of content cannot be achieved by applying suppression to
detector families which are tuned to visual features at speciﬁc
locations in V1 or V2. Evidence for enhanced visual search perfor-
mance with face stimuli, brought about by previewing locations
and content, would indicate that inhibition of previewed items
concerns distinct sensory routes for locations and content.
A second reason why faces are particularly suited to demon-
strate the inﬂuence of content in preview search stems from the
fact that faces are processed differentially with respect to their de-
gree of familiarity (Ellis et al., 1979; Veres-Injac and Persike, 2009).
The familiarity advantage indicates that existing long term mem-
ory representations modulate perceptual performance. FamiliarityFig. 1. Trial sequences in the three preview conditions, shown exemplarily for the smal
stimulus locations on the circular search array is marked by dotted gray plaids for 750 m
location preview (POS): Same as (a), but the marked positions indicate distracter location
as (b), but instead of markers the distracter face of the search set is previewed at four posi
panel (a) shows a trial example with familiar faces (Michael Douglas) in the target-absen
unknown to the participants (unfamiliar faces). In (b) a target is present, (c) is an examhas been shown to enhance visual change detection (Buttle and
Raymond, 2003), and also visual search (Tong and Nakayama,
1999), indicating that existing long term memory entries lower
the amount of information that has to be encoded per item.
If the present study could show that face familiarity affects not
only visual search, but also strengthens the preview beneﬁt, then
this would be additional evidence that, besides spatial memory,
content-speciﬁc long-term memory enters in active ignoring of
distracters. To show the beneﬁcial effect of previewing locations
and content, compared to just previewing locations, and to show
that the preview beneﬁt is enhanced by face familiarity are thus
the major aims of this study. Both ﬁndings, taken together, can
serve as strong evidence that the preview beneﬁt is much more
than just spatial.2. Methods
2.1. Experimental outline
The study was designed as a classical search task within the
framework of the distracter preview paradigm. Search array out-
line and trial sequences closely resembled those used by Allen
and Humphreys (2007a, 2007b). A circular stimulus arrangement
was used as a search array, which contained a deviant target stim-
ulus (a face stimulus that differed from the other stimuli in the ar-
ray, which were all identical), or not. The task of the participant
was to indicate whether a deviant was present, or not. Prior to
the search array a preview display was shown, cueing speciﬁc
properties of the stimuli in the search display. Three preview
conditions were used (see Fig. 1 for an illustration). In the no pre-
view condition (No) a ﬁxation screen appeared, followed by mark-ler set size of eight elements. (a) No preview (NO): after ﬁxation a selection of four
s. Afterwards the circular search arrangement is shown until response. (b) Distracter
s where a target, if shown, never appears. (c) Distracter face preview (POS + C): same
tions. Afterwards the remainder four faces add, containing a target, or not. The upper
t variant. The lower two panels (b and c) show trial examples with faces which were
ple of a target-absent trial.
Fig. 2. Mean proportion correct rates for all preview conditions and set size = 8
(left) and set size = 12 (right). Squares indicate data for unfamiliar faces, circles for
familiar faces. Filled symbols indicate data for target absent trials, open symbols for
target present trials. Error bars indicate 95% conﬁdence intervals.
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which persisted for 750 ms. The markers were uninformative with
respect to the target position in the search array, and included the
target position in 50% of the trials. In distracter location preview
(Pos) also half of the stimulus locations on the array were marked,
but the markers indicated true distracter locations of the search ar-
ray. In distracter face preview (Pos + C) the actual distracter face of
the search display was shown at half of the array positions instead
of just markers. The items resided on the screen, and were comple-
mented and by the remainder elements of the search display. Two
experiments were run, one with familiar faces (famous ﬁlm actors),
and one with unfamiliar faces, using face stimuli which the partic-
ipants had never seen before. For each experiment search array set
sizes of 8 elements and 12 elements, respectively, were used.
2.2. Stimuli
Unfamiliar faces. Photographs of 16 male models were used for
stimulus construction. These were frontal view shots of the whole
face, captured in a professional photo studio under controlled
lighting conditions. The original images were edited with Adobe
Photoshop in order to generate the set of stimuli used in the exper-
iment. Photographs were initially converted to 8 bit gray scale pic-
tures, were matched for lightness and contrast, and were
superimposed with an elliptical frame mask to obliterate all exter-
nal facial features like hair, ears, or chin line. Familiar faces. 16 high
resolution frontal view photographs of famous male Hollywood ac-
tors (e.g., Robert de Niro, Brad Pitt, Michael Douglas) were obtained
from internet sources and processed in exactly the same way as the
unfamiliar face photo material. Location markers. Dotted light gray
disks with the same mean luminance and size as the face stimuli
were used as location markers.
2.3. Participants
Thirty students of psychology participated in the present study
(mean age 22.5; age range 20–36). Twenty participants were fe-
male. The participants were paid for participation and completed
both experiments with familiar and unfamiliar faces.
2.4. Apparatus
The experiment was executed with Inquisit three runtime units.
Patterns were displayed on NEC Spectra View 2040 TFT displays at
1600  1200 resolution with a refresh rate of 60 Hz. The mean
luminance of the screen was 75 cd/m2. No gamma correction was
used. The room was darkened so that the ambient illumination
approximately matched the illumination on the screen. Patterns
were viewed binocularly at a distance of 70 cm. Stimuli in the pre-
view and search array measured approximately 230  260 pixels,
which corresponds to 4.77  5.40 measured in degree of visual
angle at 70 cm viewing distance. To create the preview and search
arrays, stimuli were placed on the edges of a regular octagon, with
the topmost stimulus always at the 12 o’clock position (see Fig. 1).
Each stimulus center was about 11.50 degree visual angle away
from the center of the octagon. Participants used a distance marker
but no chin rest. They gave responses on an external Cedrus RB-
830 response pad with built-in clock for precise reaction time mea-
surements. Acoustical feedback was given via headphones. A brief
‘‘tack’’ – tone indicated that the response was correct, a ‘‘tacktack’’
– tone signalled an error.
2.5. Procedure
A Yes/No forced choice search task was used. The three preview
conditions, each with two set sizes, were run in 6 blocks with 48trials, 24 of which contained a deviant in the search array (target
present trials) and 24 contained no target (target absent trials).
Participants were instructed to indicate presence of a deviant stim-
ulus in the circular search array, and were informed about the nat-
ure of the preview condition as well as the task by info screens
preceding each block. Before each block 12 probe trials were
administered to assure that the task was understood. The order
of blocks was randomly chosen for each participant. The temporal
order of events in a trial sequence was: ﬁxation mark (500 ms) –
preview (750 ms) – search array (until response). Acoustical trial
by trial feedback about correctness was given by brief tone signals.
Each participant had to go through 360 trials for each experiment,
which took about 20 min. The two experiments were administered
on the same day, separated by a 15 min pause. Half of the partici-
pants started with familiar faces, the other half with unfamiliar
faces. The order of the experimental blocks was randomized for
each participant.3. Results
3.1. Accuracy
Accuracy was generally high, above 90%, in target-absent trials,
but lower in target-present trials (F(1,29) = 106.57, p < 0.001, par-
tial g2 = 0.786; see Fig. 2). For both set sizes performance was gen-
erally quite accurate with familiar faces (Pc(8) = 0.903,
Pc(12) = 0.916), but less accurate with unfamiliar faces
(Pc(8) = 0.848,Pc(12) = 0.830). The accuracy modulation due to
familiarity is highly signiﬁcant (F(1,29) = 213.23, p < 0.001, partial
g2 = 0.88). Set size variation had no inﬂuence on accuracy
(F(1,29) = 0.12, p = 0.735, partial g2 = 0.004). As indicated by the
ﬂat curves across preview conditions obtained for both set sizes
(see Fig. 2) also the preview condition had no signiﬁcant inﬂuence
on accuracy (F(2,58) = 2.02, p = 0.142, partial g2 = 0.065). The fact
that accuracy is independent of set size and preview condition
indicates that the participants tried to maintain a constant re-
sponse strategy in the four experiments (two familiarities with
two set sizes each). The response pattern in target-present and tar-
get-absent trials shows that participants generally tended to avoid
false alarms (erroneously signalling target presence) at the costs of
having more misses (overlooking targets, see Table 1).
Table 1
Relative frequencies for response categories, representing hit and false alarms for the ‘‘Yes’’ response and misses and correct rejections for the ‘‘No’’ response.
Set size Response Familiar faces Unfamiliar faces
Target present Target absent Target present Target absent
8 Yes 0.864 0.059 0.781 0.085
8 No 0.136 0.941 0.219 0.915
12 Yes 0.861 0.030 0.746 0.086
12 No 0.139 0.970 0.254 0.914
Table 2
Bias measure Q, d0 , and response criterion c for the two face sets and the two set sizes
of the search display.
Measure Set size Familiar faces Unfamiliar faces
Q 8 0.303 0.280
Q 12 0.176 0.252
d0 8 2.66 2.15
d0 12 2.97 2.03
c 8 0.23 0.30
c 12 0.40 0.35
Fig. 3. Mean reaction times for correct judgements for all preview conditions and
set size = 8 (left) and set size = 12 (right). Squares indicate data for unfamiliar faces,
circles for familiar faces. Filled symbols indicate data for target absent trials, open
symbols for target present trials. Error bars indicate 95% conﬁdence intervals.
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The measure
Q ¼ PðYesjTAÞ
PðYesjTAÞ þ PðNojTPÞ ð1Þ
evaluates the response bias towards the ‘‘Yes’’ category on a propor-
tion scale. Here, ‘‘TA’’ denotes ‘‘target absent’’ and ‘‘TP’’ denotes
‘‘target present’’. If Q > 0.5 there is a bias towards giving a ‘‘Yes’’ re-
sponse, if Q < 0.5 there is a bias towards the ‘‘No’’ category, and if
Q = 0.5 there is fair use of both categories. Table 2 shows the results
for the Q-measure.
The Q-measure shows that erroneous ‘‘Yes’’ responses account
for at most 30% of all errors, indicating a response bias towards
the ‘‘No’’ response. This means that participants acted cautions
with respect to indicating target presence, and tended to overlook
targets when they were present. This rate is quite constant across
familiarity and set size, with the exception of familiar faces at set
size 12, where even only 17.6% of the errors are false alarms.
Another way to look at the response bias is to use a signal detec-
tion framework, assuming that a one-dimensional sensory contin-
uum where sensory states are normally distributed with same
variance for target-present and target-absence trials, and a con-
stant criterion value that is used for decision. Table 2 shows esti-
mates of d0 and the decision criterion c, calculated as
c = z(P(NojTA))  d0/2. Positive values of c indicate a bias in favor
of the ‘‘No’’ response, negative values indicate a bias towards the
‘‘Yes’’ response.1 Compensating for speed–accuracy trade-off by calculating RTs adjusted for
accuracy is frequently used in the preview beneﬁt paradigm (e.g., Mevorach et al.,
2006; Allen et al., 2008Allen, Humphreys, & Matthews, 2008). A correction of RTs is
necessary when response strategy biases the speed measurements. A typical situation
when RTs need to be corrected by accuracy is when the search display time is
curtailed, since this tempts participants to hurry with their responses at the cost of
making more errors.3.2. RTs
Reaction times of correct responses are modulated by set size
(F(1,29) = 32.92, p < 0.001, partial g2 = 0.53), familiarity
(F(1,29) = 116.56, p < 0.001, partial g2 = 0.80), trial type
(F(1,29) = 74.46, p < 0.001, partial g2 = 0.72), and preview condi-
tion (F(2,58) = 118.12, p < 0.001, partial g2 = 0.80; see Fig. 3). Also
all six two way interactions and the three way interaction familiar-
ity  trial type  preview condition prove signiﬁcant
(F(2,58) = 7.07, p < 0.002, partial g2 = 0.19), indicating that the
effect of the preview is mediated by familiarity and trial type,
but not by set size (see Fig. 3).
The accuracy data show that the tendency of the participants
towards preferring the target-absent (‘‘No’’) response category is
constant across all preview conditions (see Fig. 2). Viewing accu-racy and RT together reveals that RTs increase with increasing
accuracy, showing a strong upward shift of curves for target-absent
trials relative to target-present trials. This indicates that the larger
RTs in target-absent trials are, at least partly, due to the response
strategy of the participants. The difference in RTs for target-present
and target-absent trials should therefore shrink signiﬁcantly if the
RT data are corrected for accuracy.1
Fig. 4 shows the results for the RTadjmeasure, obtained by divid-
ing RT by Pc at the level of individual data. Large symbols indicate
the means of target present and target absent trials. As it becomes
obvious in the ﬁgure, correcting RTs for accuracy indeed compen-
sates for the accuracy difference in target-present and target-ab-
sent trials, and the effect of trial type vanishes (F(1,29) = 1.73,
p = 0.19, partial g2 = 0.056). As for the uncorrected reaction times,
RTadj is strongly modulated by familiarity (F(1,29) = 183.96,
p < 0.001, partial g2 = 0.86), preview condition (F(2,58) = 141.73,
p < 0.001, partial g2 = 0.83), and set size (F(1,29) = 44.60,
p < 0.001, partial g2 = 0.61).
There is a strong interaction of set size and familiarity
(F(1,29) = 35.84, p < 0.001, partial g2 = 0.55), which reﬂects that
the effect of familiarity is stronger when the search display is lar-
ger. Moreover, the effect of preview condition is larger at the larger
Fig. 4. Adjusted reaction times RTadj = RT/Pc for all preview conditions. The left
panel shows data for set size = 8, the right panel for set size = 12. The large symbols
indicate the means of target present and target absent trials. The values for both
trial types are shown to the left (open symbols: target present) and to the right
(ﬁlled symbols: target absent) of these values, and are indicated by smaller
symbols. Error bars illustrate the 95% conﬁdence intervals.
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fects of preview condition are larger for unfamiliar compared to
familiar faces (F(2,58) = 16.07, p < 0.02, partial g2 = 0.35), but this
effect is merely due to the fact that there are largely different base-
line performances in the no preview condition for both degrees of
familiarity (see below).
In order to substantiate the pairwise reaction time differences
of the preview conditions with statistical testing we executed a
posteriori Scheffè tests by calculating critical mean differencesDcritðaÞ ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
2  dfA  r2res  FðdfA; dfres;1 aÞ
n
r
ð2Þand compared the mean differences to the critical Scheffè differ-
ences. Here, the degrees of freedom of preview condition are
dfA = 2, the degrees of freedom of the residual variance are dfres = 58,
and the number of subjects per cell are n = 30. The results (see
Table 3) conﬁrm to us that the relative orderRTadjðNoÞ > RTadjðPosÞ > RTadjðPosþ CÞ ð3Þholds for each combination of set size and familiarity, i.e. for the
four curves shown in Fig. 4, on the 1% alpha level.Table 3
Pairwise mean differences of RTadj for the three preview conditions, and critical a
posteriori Scheffè differences, Dcrit, for the 1% signiﬁcance level.
Familiarity Set
size
r2res Dcrit(0.01) D(No,Pos) D(No,Pos+C) D(Pos,Pos+C)
FA 8 14,433 98.00 272.51 456.80 184.29
UF 8 55,138 191.55 622.14 822.76 200.61
FA 12 32,370 146.77 214.68 542.73 328.05
UF 12 17,7818 343.99 450.25 918.85 468.603.3. The preview beneﬁt
3.3.1. Relative change measure
As shown above, the relative order of the three preview condi-
tions expressed in Eq. (3) is independent of familiarity and set size.
Since trial type has no signiﬁcant effect on RTadj we agglomerated
the data of both trial types, and used the means of both trial types
(see the large symbols in Fig. 4) for further analysis of the preview
effect. Because the RTadj data run on different levels for familiar and
unfamiliar faces it is necessary to compensate for general base le-
vel differences when judging RTadj differences among the different
preview conditions. For this purpose we calculated a relative
change measure
CðjÞ ¼ RTadjðNo PreviewÞ  RTadjðConditionðjÞÞ
RTadjðNo PreviewÞ ð4Þ
on the level of individual participant data. This measure evaluates
the advantage in adjusted reaction time of preview condition j com-
pared to the no preview condition unit-free, on a proportion scale.
Measuring change relative to the baseline condition (no preview)
assures that the preview beneﬁt is assessed free of the effects of
general task difﬁculty, as induced by the two face sets. Since C(j)
is a difference measure, a preview effect of preview condition j is
signiﬁcant if 0 lies outside the conﬁdence limits of its mean. Fig. 5
illustrates the results of this analysis as Box-Whisker plots. Both
preview conditions yield preview beneﬁt effects of at least 10%.
The preview beneﬁt is much larger when there is distracter preview
of location and content, compared to just distracter location pre-
view (F(1,29) = 157.06, p < 0.001, partial g2 = 0.84). The set
size  familiarity interaction fails signiﬁcance (F(1,29) = 2.66,
p = 0.113, partial g2 = 0.084), indicating that the effect of familiarity
is not different at the two set sizes. The main effect of familiarity
barely fails signiﬁcance (F(1,29) = 3.87, p = 0.058, partial
g2 = 0.12). The signiﬁcant set size  preview condition interaction
(F(1,29) = 13.20, p < 0.002, partial g2 = 0.31) reﬂects that preview-
ing locations leads to a stronger preview beneﬁt at the smaller set
size.
Viewing the results together suggests that the magnitude of the
preview beneﬁt does not depend on familiarity. However, the pre-
view beneﬁt strongly depends on the kind of distracter preview.Fig. 5. Box-Whisker plots of relative change in adjusted reaction times for the three
preview conditions compared to no preview. The left panel shows the data for the
smaller set size (8), and the right panel for the larger set size (12). Data for
unfamiliar faces are indicated by gray solid symbols, data for familiar faces by open
symbols. The Box-Whiskers indicate mean with standard error (box) and conﬁ-
dence interval (whiskers). Note that, since the data represent a difference measure,
relative changes are signiﬁcant if 0 lies outside the conﬁdence interval.
Fig. 6. Adjusted reaction times, RTadj = RT/Pc, for all preview conditions. The means with conﬁdence intervals are replotted from Fig. 4, but are shown as a function of set size.
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ger preview beneﬁt than previewing just distracter locations.3.4. Efﬁciency measure
The analysis in the foregoing section has shown that there is
more improvement relative to the no preview condition when pre-
viewing distracter locations and content. Note, however, that this
does not necessarily imply that visual search in this condition is
more efﬁcient in terms of processing time per item. If the preview
conditions modulate the efﬁciency of visual search, then the RTadj
versus set size functions should reﬂect different slopes. Fig. 6
shows RTadj as a function of set size. The slopes of these functions
are obtained by dividing the reaction time difference for both set
sizes, RTadj(12)  RTadj, by 4 (see Table 4). Eye inspection of the
functions already conﬁrms that their slopes become narrower for
previewing locations and content, compared to either just pre-
viewing locations or no preview. The slope values listed in Table 4
prove that the set size curves of both face sets are steepest in the
location preview condition, and ﬂattest in the location + content
condition. In order to test the RTadj versus set size functions for par-
allelism we analyzed the RTadj data for each face set with separate
ANOVAs. For familiar faces, a highly signiﬁcant preview condi-
tion  set size interaction (F(2,58) = 5.37, p < 0.008, partial
g2 = 0.16) indicates strong deviation from parallelism of the three
RTadj versus set size functions. Pairwise testing reveals that the
curves for no preview and preview of locations and content
(F(1,29) = 4.80, p < 0.04, partial g2 = 0.10) and preview of locations
and locations and content (F(1,29) = 12.62, p < 0.002, partialTable 4
Differences of the RTadj measure for both set sizes, Ds = RTadj(12)  RTadj(8), slope
estimates a = Ds/4 for the set size functions, and ratio of slopes of the set size
functions for unfamiliar and familiar faces, q(UF,FA).
Familiarity Preview condition Ds as q(UF,FA)
FA No 236.18 59.04 2.18
FA Pos 294.00 73.50 2.34
FA Pos + C 150.24 37.56 2.79
UF No 515.10 128.78
UF Pos 686.99 171.75
UF Pos + C 419.01 104.75g2 = 0.30) are not parallel, while the test for parallelism of the
curves for no preview and preview of locations falls short of signif-
icance (F(1,29) = 1.79, p = 0.19, partial g2 = 0.05). For unfamiliar
faces, in contrast, the preview condition  set size interaction is
scarcely not signiﬁcant (F(2,58) = 2.95, p = 0.06, partial g2 = 0.09).
In order to assess statistical signiﬁcance of slope differences
across the two face sets we formed differences of the RTadj measure
for both set sizes, Ds = RTadj(12)  RTadj(8), on the level of individ-
ual participants, and divided by 4 to obtain slope estimates. ANO-
VA of the slope measure veriﬁes that the RTadj versus set size
functions for unfamiliar faces are much steeper than for familiar
faces (F(1,29) = 35.84, p < 0.001, partial g2 = 0.56). Without pre-
view participants need more than double the time to process one
item of unfamiliar faces, compared to familiar faces (see ratio q
in Table 4). The ratio q increases in the two preview conditions,
and is largest for previewing locations and content, where partici-
pants operate about three times faster with familiar faces.
4. Discussion
Measuring search performance with familiar and unfamiliar
faces has shown that face familiarity strongly enhances visual
search, both in accuracy and in reaction time. With both face cat-
egories we obtained large preview beneﬁts, which were at compa-
rable sizes for familiar and unfamiliar faces when judged in terms
of relative improvement compared to the no preview condition.
The preview beneﬁt was much larger, and increased up to 30%
when actual distracter faces at their respective locations were pre-
viewed, compared to previewing just distracter location markers.
Analyzing the efﬁciency of visual search in terms of search time
per item showed that subjects needed more than double the time
to process one item of unfamiliar faces, compared to familiar faces.
With previewing location or location and content the difference in
efﬁciency among both face sets increased further.
Comparing the effects of the two preview conditions in terms of
search time per item revealed that previewing locations did not en-
hance search efﬁciency, but previewing locations and content did.
For previewing locations slightly increased slopes of the reaction
time versus set size functions were observed. Slopes were smallest
in both face sets when location and content was previewed, but
only for familiar faces the ﬁnding of lowered search time per item
could be substantiated with statistical signiﬁcance.
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A striking observation of this study is the pronounced difference
in search performance for familiar and unfamiliar faces, which is
about 820 ms in the RTadj measure for search without preview for
the smaller set size, and about 1100 ms for the larger set size. Gen-
erally, the effect of familiarity is larger at the larger set size, where
search is more difﬁcult (see Section 3). Most striking, the time to
process one item of unfamiliar faces was found to be more than
double the time per item of familiar faces. This indicates that exist-
ing long term memory entries have a remarkable inﬂuence on
search efﬁciency, and is in line with earlier ﬁndings indicating that
visual change detection works much better with familiar than with
unfamiliar faces (Buttle and Raymond, 2003). Exactly parallel to
our ﬁndings, faster search for familiar than for unfamiliar faces
and faster rejecting of highly overlearned faces as distracters was
found in a study of Tong and Nakayama (1999). A likely reason
for the familiarity advantage in visual search is that subjects rely
on holistic and conﬁgural representations rather than piecewise
featural matching strategies when handling familiar faces (Veres-
Injac and Persike, 2009). This is indicated by the fact that subjects
lay more weight on internal features when handling familiar faces
(Moscovitch and Moscovitch, 2000; Bonner et al., 2003), while
external features are preferred when comparing unfamiliar faces
(Young et al., 1985; Frowd et al., 2007). Further, the familiarity
advantage vanishes when faces are inverted (Buttle and Raymond,
2003). Robustness against blurring and shorter reaction times in
recognition tasks are further indication that global and holistic rep-
resentations are used when familiar faces are handled (Veres-Injac
and Persike, 2009). Their availability in long-termmemory releases
the encoding stage, since slight global mismatches immediately
indicate presence of a deviant, while, with unfamiliar faces, part
based matches imply that more comparisons are to be made per
item in order to judge about item identity. Since the search perfor-
mance advantage of familiar compared to unfamiliar faces is about
constant across preview conditions in accuracy (see Fig. 2) and in
reaction times (see Fig. 3), and, therefore, also in adjusted reaction
times (see Fig. 4), constant aid by holistic long-term memory rep-
resentations are a likely candidate for the familiarity advantage.
A closer look at the accuracy data shows that the familiarity
advantage in accuracy mostly stems from the target-present cate-
gory (see Fig. 2). There is just a small familiarity advantage of about
4% for target-absent trials (Pc(fam) = 0.952; Pc(ufam) = 0.915;
D = 0.041; F = 54.26, p = 0.001), but a large one of about 10% for tar-
get-present trials (Pc(fam) = 0.863; Pc(ufam) = 0.764; D = 0.099;
F(1,29) = 143.25, p < 0.001). Hence, the tendency to overlook the
deviant during search is much more pronounced with unfamiliar
faces than with familiar faces, where the hit rate is reasonable high
(0.863), while the hit rate is moderate (0.764) with unfamiliar
faces. This, together with the ﬁnding that only half the time per
item of the unfamiliar face set is necessary to process an item of
the familiar face set shows that familiarity enhances difference
detection among faces with an efﬁcient global mechanisms linked
to long term memory representations.
4.2. Previewing locations and previewing locations and content
In the Introduction we outlined the rationale behind testing the
effects of previewing just locations compared to previewing loca-
tions and content. Only the latter is commonly used in preview
beneﬁt studies, but it is worth to examine whether just spatial
marking is sufﬁcient for the preview beneﬁt. The data we obtained
are very clear in this respect: with preview of distracter location
markers reaction times are largely reduced compared to the no
preview condition, but the time necessary to process one item is
not. Apparently, location preview enables the subjects to visit justthe new locations and to ignore the old ones, but the speed of pro-
cessing each item of the search display remains the same. Hence,
location preview helps to ignore the previewed locations, but does
not enhance encoding and comparison of the new items. The same
result was obtained by Watson and Humphreys (1997; Expt. 6):
search was found to be no more efﬁcient when green blocks
marked the distracter locations before the remainder of blue
distracters and the blue target, if present, entered the display.
One may ask: Why should it? With no information about content
at the preview stage all information which has to be gathered
about the target–distracter relationship must be gathered from
just the items of the search display. Transfer of stimulus content
from the preview stimuli is precluded since the location markers
do not convey task relevant content information. Our data provide
strong evidence that participants adhered to the task given to them
and sought to encode distracter positions for later ignoring. For
both unfamiliar and familiar faces the slopes of the RTadj versus
set size functions are largest for location preview (see Table 4),
and the improvement of reaction time relative to the no preview
condition is smaller at the larger set size (see Fig. 5). This is consis-
tent with the assumption that encoding of distracter positions and
trying to visit only these in the later search display imposes extra
costs which prolongate the search time per item. Trying to visit
only the new item positions becomes less precise at the larger
set size, because six items are at the upper bounds of visual work-
ing memory, hence confusing positions and saccadic corrections
become likely. This reduces the efﬁciency of searching the set of se-
lect locations.
Comparison of the results obtained for location preview and
preview of location and content clearly show that additional con-
tent information is necessary to obtain a preview effect in terms
of efﬁciency. The reason for the slope reduction in the RTadj versus
set size functions for preview of locations and content can there-
fore be uniquely attributed to the use of content information pro-
vided by the distracter stimuli at preview for searching the target
within the set of new items. With letter-color conjunctions it
was be shown that there is a content-speciﬁc carry-over effect
from the color of the distracter preview items to the color of target
items, making them more difﬁcult to detect when they share the
color of the distracters (Braithwaite and Humphreys, 2003; Olivers
and Humphreys, 2003). Studying the effects of color foreknowl-
edge Braithwaite and Humphreys (2003) could show that fore-
knowledge of the target’s color produced large improvements in
search efﬁciency for both no preview and preview conditions. Col-
or similarity among the target and previewed distracters greatly
reduced the foreknowledge advantage.
These results are clear evidence for two distinct mechanisms
that are effective in the preview beneﬁt. First, the content-speciﬁc
inhibition transfer from previewed distracters to the target shows
that content-speciﬁc encoding is involved in active inhibition of
distracters. Not only distracter locations, but also distracter fea-
tures are actively inhibited. Second, the ﬁndings about the target
foreknowledge facilitation effect makes it plausible that preview-
ing the distracter stimuli helps to built a positive anticipatory set
for the target. This may consist of a reduced set of possible target
features, or in a rule that is built in advance. Note that in conjunc-
tion search, the rule for ﬁnding the target has to be inferred from
the search display (‘‘I see green Os and blue Xs, the target must
either be a green X or a blue O’’), which binds resources. When ac-
tual distracter stimuli are previewed, this rule is inferred already
during preview, and the subjects can concentrate on encoding
and matching to the rule during search. Both mechanisms are apt
to enhance search efﬁciency.
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Jiang and colleagues (Jiang et al., 2002) challenged the notion of
Watson and Humphreys (1997) that active processing of distract-
ers, involving encoding and later inhibition, is necessary to explain
the preview beneﬁt. They claim that temporal grouping of the old
(previewed) and new stimulus set, both being separated by a tem-
poral delay, is sufﬁcient to explain the preview beneﬁt. From their
asynchronous grouping hypothesis they predicted that any manip-
ulation that leaves the asynchronous temporal grouping relation-
ship among old and new items untouched should maintain the
preview beneﬁt, while manipulations that lead to regrouping at
the moment when the new items add to the display seriously affect
the preview beneﬁt. In several experiments the authors showed
that, when the previewed elements changed in luminance, color
or shape exactly with the temporal onset of the new elements,
the preview beneﬁt was disrupted, while, when these changes oc-
curred asynchronously with the onset of the new elements, still
allowing for temporal segregation of both sets, the preview beneﬁt
was maintained. Watson and Humphreys provided experimental
evidence supporting that disruption of the preview beneﬁt by syn-
chronous changes of the old elements along with the new elements
only occurs if the feature manipulations applied to the old ele-
ments are task relevant, i.e. concerned target–distracter relation-
ships, but not for task irrelevant feature manipulations (Watson
and Humphreys, 2002, 2005).
There is a clear difference in the temporally grouped element
sets between previewing distracter locations alone versus pre-
viewing distracter locations and content. In preview of location
and content the old elements are untouched by adding new ele-
ments to the display. Hence, old and new items are temporally sep-
arated element sets. In location preview, however, the location
markers are replaced by the distracter stimuli and these appear
at their locations simultaneously with the remainder stimuli. The
set of location markers is therefore temporally separated from
the set of all true stimulus elements in the search display. Hence,
both form two different spatio-temporal groups. This should be
similar to a change of the shape of the previewed distracter ele-
ments at the moment when the new elements enter, and should
lead to a breakdown of the preview beneﬁt if the preview beneﬁt
relies on a temporal grouping mechanism.
We indeed observed disruption of the preview beneﬁt for just
location preview, but no breakdown. While it is true that location
preview and preview of location and content also differ in the tem-
poral grouping asynchrony of old and new items, we do not believe
that the different temporal synchronies explain the poorer perfor-
mance for just location preview. The temporal segregation hypothe-
sis just predicts which sets of elements are grouped, so that
operations can be applied to a preselected set of elements. This,
again, is just amechanism of spatial selection. The temporal segrega-
tion hypothesis cannot explain why the operations that are applied
to the selected elements are executed faster per item. Our data show
that spatial preselection is enabled in location preview. Preselection
of locations by previewing stimulus placeholders is effective, and
this despite the different spatiotemporal grouping of preview stim-
uli (markers) and the elements of the search set. However, the pro-
cessing speed per item is the same as in the no preview condition.
4.4. Is the preview beneﬁt a content driven advantage in visual search?
Testing the effects of previewing location markers compared to
previewing the actual distracter stimuli suggests that there are two
distinct mechanism which mediate the preview beneﬁt. The ﬁrst
mechanism is spatial preselection, i.e. encoding of distracter loca-
tions in visual working memory. At preview, subjects encode dis-
tracter locations and try to visit only the remaining locations inthe later search display. The preselection mechanism, however,
does not affect the efﬁciency of processing items at the preselected
locations. In order to enhance the efﬁciency of item processing, a
second mechanism is necessary that employs content- (or fea-
ture-) speciﬁc information in order to enhance later item precess-
ing. This mechanism may actually split into two: a mechanism of
active ignoring distracter location and content, as described by
Humphreys and colleagues (Allen and Humphreys, 2007a, 2007b;
Allen, Humphreys, & Matthews, 2008; Humphreys et al., 2004;
Payne & Allen, 2011; Watson and Humphreys, 1997), and a mech-
anism that uses content speciﬁc information provided by the
distracters in order to draw inferences about the possible nature
of the target (see above).
More efﬁcient processing of new items is enabled only when
less information has to be processed per item in the search display.
A pure spatial mechanism cannot explain a reduction in the infor-
mation that is required to compare the items of the search display
successfully. Therefore, assuming content-speciﬁc processing is
necessary, be it by reducing the feature space via active ignoring,
or by tagging of possible crucial features using inference from dis-
tracter features.
Humphreys and colleagues provided evidence for active inhibi-
tion of distracter locations by showing that task irrelevant features
were also harder to discriminate at the previewed locations than at
neutral positions (Humphreys et al., 2004). However, due to the
retinotopic organisation of elementary visual features it cannot
be excluded from these experiments that inhibition spreads to tar-
get locations when target and distracter share elementary proper-
ties, such as color, luminance, or orientation. However, in this
study face stimuli were used, which are known to be processed
in extrastriate brain regions lacking spatio-retinonotopic organiza-
tion. The advantage by additionally previewing face content is
therefore clear evidence that stimulus content, which is handled
independent of spatial position, is involved in the preview beneﬁt.
The strong familiarity effect on the efﬁciency of item processing
(see above) is strong further evidence for content-speciﬁc process-
ing in the preview beneﬁt. Since the preview beneﬁt is signiﬁcantly
modulated by working memory load (Allen, Humphreys, & Mat-
thews, 2008; Watson and Humphreys, 1997), increased encoding
efﬁciency and ease of working memory load should result in a
more efﬁcient use of the previewed content at search. Familiar face
preview works as an efﬁcient advance tag triggering holistic repre-
sentations (‘‘Ah, it’s not Brad Pitt that will be the target. . .’’), while,
for unfamiliar faces, the preview stimuli must be encoded in fea-
tural detail and must be maintained in working memory in order
to enable beneﬁt at search. Assessing visual working memory per-
formance with a change detection task Jackson and Raymond
(2008) showed that there is much better working memory perfor-
mance and higher working memory capacity for familiar than for
unfamiliar faces due to robust and ﬂexible long-term memory rep-
resentations of these items. Al-Aidroos and colleagues (Al-Aidroos
et al., 2012) demonstrated with a series of experiments that visual
working memory contributes to the inhibition of previewed
distracters by showing that preview is more effective when the
number of previewed distracters is below VWM capacity than
above. This indicates that processes of prioritization and inhibition
in visual working memory are involved in the preview beneﬁt –
and these processes are more efﬁcient when long term memory
entries of test items already exist.
To conclude, studying the preview beneﬁt with familiar and
unfamiliar faces has shown that, apart from spatial memory,
content speciﬁc long term memory is involved and is actively used
to optimize search performance. These ﬁndings add to existing
fMRI results indicating the involvement of face-selective brain re-
gions, such as the FFA, in actively ignoring distracters (Allen,
Humphreys, & Matthews, 2008). Since current imaging evidence
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speciﬁc regions to the distracter beneﬁt is rare, further investiga-
tions should focus the time-locked activity across preview and
search, as done recently (Payne and Allen, 2011). Recording activa-
tion in face selective regions concerned with learned and new faces
(OFA, FFA), as well as in regions mostly concerned with new faces
(Amygdala, see Dubois et al., 1999) would help to illuminate the
network of spatially and content driven processes involved in vi-
sual search.
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